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This study wrs undertaken for t‘.c God jar l Space Flight Center, 
National \eronaut its and Space Administration, to develop and improve 
testing procedures and testing techniques for direct electro-physico- 
chemical evaluation of polymeric separator materials used in 6 ampere 
nickel-cad., ion (Ni-Cd) satellite batteries. 

The intent of this study was to determine which tests, including 
those in a proposed test method, were pertinent to the /'valuation of 
separator materials, and to use tnesc procedures to evaluate various 
types of new r.aterirls Icing used in experimental batteries. In addi- 
tion the procedures were designed to be used to evaluate other 
potentially useful materials, without the need for fabrication and 
extensive testing of actual batteries. 

It was intended tl.n t these procidurcs would, if necessary, provide 
r basis for evaluating s».ructural changes in tJ.e materials that might 
result in premature failure of oattcrics subjected to cycling tests; 
and to determine the relationship.! between changes in properties to the 
moJc of failure and to service lit''; in order to establish criteria for 
the selection of materials with optimum service characteristics. 

After appropriate test procedure; had beer, established using ten 
different separator materials, the were used to evaluate the properties 
of these same ten materia..* taken from experimental batteries after they 
had been subjected to simulated use condi.ions. Subsequently, ten 
additional tutorials were received for laboratory evaluation of their 
potential use as separators, based on the previously obtained data. The 
results obtained on all twenty of these samples were previously contained 
in the NBS Technical Report No. 10956, "Evaluation of Separator Materials 
Used in Ni-Cd Satellite Batteries," November 1972. 

This report is concerned with and contain*- *he results of the 
laboratory evaluation, using previously esta v :d testing procedures, 
of twenty-five separator materials, which he previously been 

stuuied. Consequently, these current tests w< Intended to determine 
their potential suitability and probable efficacy if used in Ni-Cd 
batteries . 

The methods currently used measure materials properties such as the 
apparent density, absorptivity of the electrolyte, electrolyte retention, 
porosity, electrical resistivity, wettability , wicking time, wet-ovt 
time, anJ air permeability. 


Materials 


The separator materials were in the form cf sheets of non-woven 
fibers. The fibers uscJ in these materials were: r.ylon-6 (pnlycapro- 

lactam), polvpropv lcnc, grafted polypropylene, a polycthylcne/polyj ropy lene 
blend, anJ ala ir.un oxide. One sa pic consisted of a xilleJ plastic film 
1.. mated to a non-woven jsbestos >ub>t »\.te. The samples mvlu^iJ in this 
report were su’ . it ted to this ’ahoratory a: various time* between September 
1*.<"2 arid Now her 19"5, a:; I are listed in table !. 
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All of the new materials were tested in the "as- received" condition, 
that is in the same fora in which the materials would be used to fabricate 
batteries. Several of the materials had been subjected to surface treat- 
ments involving the application of wetting agents. Three of the 
polypropylene materials had been subjected to grafting techniques in 
attempts to chemically attach hydrophilic components to the polypropylene 
fiber surfaces, in order tc increase the wettability of the fibers. 

Since evaluation of the properties of materials actually used in 
batteries, and subsequently subjected to these test procedures, cannot 
be accomplished withouT aqueous extraction of the electrolyte, it was 
necessary to subject the new materials to a.i aqueous extraction, using 
a Soxhlct apparatus, in order to determine whether this process affected 
the properties of the materials to the extent that a substantial change 
due to the extraction would prevent evaluat on, by these procedures, of 
materials taken from cycled experiment:. 1 bmtterics. 

• • 

Tiic iirst group of samples submitted for evaluation in this current 
series were samples AA through SS. Within this grovp there were five 
pairs of samples in which the material used in cacli oair was identical 
with respect to fiber content and wc-ight per unit area, except that one 
of the samples had been treated with a wetting agent. In each case there 
was evidence cf severe bleeding of the wetting agent from the sample 
into the packaging materials in which they were '•eceivcd. Consequently, 
the sponsor reque. ‘1 that these, and any other samples received at a 
later date, of treated materials, as well as other selected sample*, be 
subjected to two twenty-four-hour aqueous extractions prior to conducting 
any of the tests. This involved a variant in the normal procedure of 
extracting the samples for twenty-four hours. In conducting the dual 
extraction, the samples were allowed to air dry at room temperature 
between the two extraction cycles. In addition, a number of selected 
ratcrials were also subjected to extraction with specified organic so.- 
vents prior to measurement of the absorption characteristics. 

Proceduics for Apparent Density, Absorption, Retention and Porosity J / 


These procedures involve the determination of 'he apparent density, 
based on the dimensions and weight of specimens of the separator 
material, the amount of electrolyte absorbed, the amount of electrolyte 
retained after centrifuging, and the porosity, calculated on the basi> 
of the volume cf electrolyte absorbed. 

Normally these tests are conducted on ten specimens. However, on 
the basis of experience achieved in this laboratory on various experimen- 
tal materials, it was found that som« were not wetted, or incompletely 
wetted by the electrolyt" under the conditions of tests described below. 
Consequently, when a new material was being subjected to a preliminary 
analysis, only five specimens were used. It all of these specimens 
wetted so that they were completely saturated, the* five ad.’*t.onal speci- 
mens were tested, and the average of all ten specimens was used to 
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characterize the material. In those cases in which the specimens were 
incompletely wetted, it was normally possible to obtain some data an those 
properties rcl .ted to the absorption characteristics described in this 
section. Howe'er, it usually was not possible to obtain data on any of 
the ''thrr properties, except air permeability. In sore eases, extraction 
resulted in the re-oval of all or pa^t of the wetting agent so that 
specimens from those materials did not wet completely when soaked in the 
electrolyte. In such eases, the number of test specimens fror. the 
extracted matcinl was also limited to five. 

For thes'- tests, the specimens are cut f”om the sheet materials by 
means of a s.ccl die havin, a diameter of 2.54 centi-etres (cm) (1 in). 

The weight rf each specimen is determined to the nearest 0.1 milligram 
(eg) on .an analytical balance. The thickness is obtained using a dial 
micrometer gauge, graduated to read directly to 0.001 inch, and 
with a finger lever and a 1.27 cu (0.5 in) diameter stainless s'ecl 
spindle. The anvil, or platform, on which the specimen is .placed must 
be of sufficient site to accor.-.odatc the specimen. Tne gauge should 
exert a spving pressure approximately equivalent to that of a 50 gram (g) 
weight. To nininice the effects of compression on the separator materials 
by the testing device, no additional weights arc used on the gauge. The 
nominal thickr^ss is repmrtcl as the average of two readings, one taken 
within two seconds after the spindle is placed on the specin.cn, and the 
other after it has been in cont ct with the specimen for 3 minutes. The 
specimens are tlu n placed in a plastic container with 100 milliliters (i. l) 
of an aqueous, 31# solution of potassium hydroxide (KOI!) and sorked for 
>t least 24 hours. Plastic beakers staled with plastic film or plastic 
bottles with screw iius arc used. (Note: use of glass containers should 
be avoided since reactions between the alkali and glass may effectively 
dilute the electrolyte solution.) On completion of the soaking period, 
the specimens arc removed one at a time, and both sides blotted momentarily 
on a fine gnin ashicss quantitative filter paper to remove excess kOIl. 
blotting is accomplished by holding the specimen with stainless steel 
twecccrs and lightly touching each side to the filter paper. The speci- 
men is then placed in a previously tared plastic weighing bottle, capped 
immediately, -nd the weight of kOil absorbed is determined. The specimens 
are placed between two stainless steel wire mesh discs in a vertical 
position in a centrifuge, backed by a 0.3 cm thick stainless steel ring 
?ud a piece of blotting paper, i nd then subjected to a centrifugal 
force of 23 C.’s for two minutes. The specimens are then immediately 
placed in previously tared, plastic weighing lottles, capped and weigheJ. 
The a ount of absorbed kOil retained is determined. The pci cent porosity 
is determined based on the wet weight obtained just prior to centrifuging. 


Calculation *. : 

, .3 drv we i ght 

Apparent density, g/cm = dr ' . yj jf-— 


. wet weight - drv weight .. 

• p ■ A 1UU 

dry weight 


kOil absorbed, 



KOI! 


. . , , 3 we t weight - drv weight 

absorbed, g/cm ■ r- : — • ® — 

* * dry volume 


COM retention, \ . £en«r.f» ? ine - Jry .eight „ 

* dry weight 

. , . . , ...» % of kOM retained v . rtn 

\ of absorbed kOH retained, * « V ~ o T kO,i ~ a b s ~ETr~I73J~ X 100 

wet weight - drv weight 

Porosity, \ » ■, X 100 

7 * dry volume 

Note: 1.3 is average density, in gn/cm^, of an aqueous solution 

containing 31*. kOM at ambient laboratory conditions. 


When the specimens are removed from the electrolyte solution, after 
having soaked for at least twenty-four hours, they are visual 1> examined 
and a subjective estimate is made ot the approximate percentage of the 
surface area that is thoroughly saturated. Tnc dry materials arc white 
and opaque in appearance, while wetting to saturation causes their 
appearance to become translucent. It is the percentage of translucent 
area that is reported in table II, for specimens of both unextracted 
and extracted samples, '..lien the specimens did not become completely 
saturated, the wetted areas were generally spotty and irregular, and in 
some cases may have been related to localized variations in the fiber 
density within the individual specimens. 


The data on the absorption characteristics arc given in table III 
for the "as-received" materials and in table IV for the extracted 
materials.' It should be noted that even when the average area of the 
wetted portions of the specimens is rather low, the amount of kOH 
absorbed cay be relatively high when compared to other materials. 

Procedure for Electrical Resistance 2/ 

This procedure is used to determine the electrical resistivity of 
the separator materials when saturated with an electrolyte. The resis- 
tance measurements are made by connecting an electrolyte-filled test 
cell, in which the specimen is located between the anode ana cathode 
of the cell, to a universal bridge operated in the internal mode (1592 
Hz). The test cell is designed so tha: the circular area of the specimen 
undergoing test was 0.6S6 cm-. Five 2.54-cm square (1 in-), or 2.54 cm 
diameter (1 in) specimens arc used. The pecimcns arc placed in 31*. KOH 
solution for at least 2 - hours prior to testing. On completion of the 
soaking period, the test cell is assembled without a specimen, filled 
with 31*. kOil solution and the resistance of the electrolyte measured to 
obtain a blank rending. A similar measurement is made on completion of 
each set of specimens, and the average of the two measurements is used 
in calculating the resistance of the solution. A wet specimen is then 
placed in ihc empty cell in such a manner as to permit measurements to 
be performed at two different locations on each sample, for example, one 
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in the upp«.r right quaJra.U and one in t!»c lower left qu.-iJr.int. Both 
sides of the call arc filled with electrolyte and the resistance measured. 
The average of these two measure- ents is used to determine the combined 
cell and separator -■ si stance. Immediately after completing the resistance 
measurement , the th.ckncss of the wet specimen i> measured using the 
gauge and technique previous’y described in the absorption test. 

The electrical resist.. ice characteristics arc reporteJ in table VI 

as the specific resistivity. 

Calculations : 

R q * cell resistance (blank), ohms 

R & * cell resistance* with separator, ohms 

R' » separator resistance, ohms • 

R' « (R - R ) 
s o 

Separator specific resistivity , p , ohm-cm 

K> 

p * — X A where: tw * wet separator thickness in cm 

* A • area in cm~ 

Procedure for Wet t ah i I i ty 

The universal bridge and test cell used in the electrical resistance 
tests arc also used to determine wettability of the separator material. 
Wettability is measured as the time required for the electrical resisti- 
vity of the separator material to equilibrate. Ideally the specific 
resistivity at equilibrium should equal that obtained on the pre-soaked 
samples, and be achieved in a matter of minutes. 

Five specimens arc cut using a 2.54 cm square or 2.54 cm diameter 
steel die. A dry specimen is placed in the e; 4 pty test tell and the cell 
connected to the bridge. One side of tnc cell i.v rapidly filled with 31* 
kOH solution, and the timing of the experiment is begun as the scconJ 
side is being filled. The electrical resistivity is monitored and t lie 
time f .r the resistivity of the system to regain constant for or.c minute 
is observed. The tire at the start of the onc-ainute stable period is 
recorded as the wettability time. In those cases where a uatcnal docs 
not wet, the sample is allowed to remain in the cell for two hours as a 
means of verifying its non-wettability. 

The wettability icsi data arc also presented in table VI. 

Procedure for Kicking 

This procedure is used to r asurc the rate of rise of electrolyte 
solution up a vertically supported, partially i:j:.e-scd material. In 
these tots, d\u to thi wide variation in vicUir.s. characteristics of the 
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materials the measurements were recorded either as "tine to reach 6 cm," 
the ideal condition, or as "cm/24 hours" depending on which event occurred 
first . 

In order to facilitate these tests a special holder, capable of 
holding 5 specimens, was designed and built to provide a .means for 
uniformly positioning and itr. ersing the specimens, and to reasure the 
height of the solution on the specimens. Tins device is illustrated in 
Figure 1. 

• 

The original intent of this procedure was to -ccord the time required 
for the solution to rise to a height of 6 cn. It if ob' ious from the 
data given in table VII that several materials would require prolonged 
test periods, if the solution could indeed travel to r. height o;* cm. 

It was for tins reason that all such experiments were discontinued after 
24 houi s . 

• • 

Since a test of this type is sensitive to environmental conditions 
such as changes in temperature, relative humidity and velocity of air 
currents inpingirg or. the spcci .cn surface, the test should be conducted 
for a specified short period of ti: e to reduce the effects of these 
variables. For example, wicking action will stop when the rate of upward 
movement of the solution equals the rate of evaporation of water in the 
electrolyte from the specimen. It is bel< .vtd that a short time test, 
e.g., two to four hours, would provide an adequate means of assessing 
variations in wicking characteristics of different materials. If it is 
considered necessary to retain the lcr.ger test period, then it is obvious 
that the tests should be conducted in a totally enclosed system. 

Place five specimens, C.64 X 8.9 cm (0.25 X 3 1/2 in), in the holder. 
Place the bolder in a tray of suitable size and fill the tray to a depth 
of 10 mm above the lower ends of the specimens with 31# KGH. As an aid 
to accurately distinguish, the leading edge of the solution on the specimen, 
a d/t was added to the :-.C!I solution. Phthalcin purple indicator, used 
in a ratio of 0.167 g per 100 ml, was found to produce a suitable, stable 
color in the solution. 

The results of these tests are given in table VII. 

Procedure for ’..et-Out Time 


This proccdur' is intended to determine the time required for a 
drop, approximately 0.1 ml, of electrolyte solution to be absorbed when 
plated on the upper surface of a specimen of separator material. 

In the process of developing this test it was noted that , as a 
result of the porosity of some of the materials, the solution tenued to 
seep through the specimen and spread by capillary action between the 
specimen and supporting surface. It was found that placing the specimens 
on three layers of nylon retting eliminated the capillarity problem. 

It.e ntitinj v..is hold flat by affixing it to a polyethylene covered board 
approximately 5 X 20 cm (2 X S in). 
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Five specimens 2.54 cm (1 in) in diameter arc placid on the nylon 
netting, and one drop of u solution of il< KOH, containing the same amount 
of phtnalein purple indicator used in tnc wicking tets, is placid in the 
center of the spi-cir.cn, the timer started, and t l»c time required for the 
entire specimen to become wetted, or until absorption is co.iplcte, is 
recorded. Absorption is considered to be complete on disappearance of 
the sheen normally visible on the surface of the liquid. In those 
instances in which the <*ntirc specimen is not wetted on total absorption, 
or on incomplete absorption after 1 hour, the area of absorption is 
determined by ncans of a supported acrylic plastic disc having etched 
concentric circle., which is placed over, but not in contact wit i the 
Specimen. The diameters of the circles are: 0.48, 1.11, 1.50, 2.u7 and 

2.54 cm (3/iu, 7/lo, 10/16, 13/lo and 1 in), and arc assigned numbers 1 
to 5, respectively. In reporting the wet-out characteristics of a 
material, the assigned circle number or range is used. 

The ’•-.•suits of these tests are given i\ tabic VIII. 

Procedure for Ai • Permeability 

This procedure consists of ne«aa.*ing the tire required for 300 ml 
of air to permeate a .o-'S sq. cm (0.1 q in) area of a specimen under 
uniform pressure equivalent to 3.1 cm (1.22 in) head of water. \ Gurley 
Dcnsonetcr, model 4110, with a 141 g (5 o;) inner cylinder is us-d for the 
test. Measure t nt s are made on ten ra. pies from each material. These 
measurements ~rc r..dc under standard laboratory conJiti /ns required for 
textile fabrics, which arc 21®C (70®F) and 65*» k.H. 

The results of the tests are given in table IX. 

Discussion 


Importance of Separator Properties 


It must be emphasized that the properties of the separator materials 
in the original, "as-received" condition arc of primary importance with 
respect to their rse in batteries. Any drastic or dc*. rir/*nta . change in 
properties as a result oi aqueous extraction simply meais tb.t a realistic- 
evaluation of similarly extracted materials removed from exp. rir..cntal 
batteries nay be difficult or impossible to achieve. Measure •- r.t of 
materials properties after extraction was necessary since all cycled 
materials must be c v tractcd to remove the electrolyte prior t. retests 
intended to de.ee? changes in the materials that might be useful in 
predicting the service life of the batteries. 

The properties that appear to be most important in assessing the 
suitability of a material for use as a separator material arc as follows: 
high clcctiolytc absorptivity, good electrolyte retention, low specific 
resistivity, rapid wettability, and low resistance to air permeation. 
Kicking characteristics and wet-out tine seem to be most important w.th 
respect tc the initial filling of the battery with the electro!) tc. 
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In these tests, however, one fallacy seems to nave been detected 
that haJ been deemed to be most important for a separator material, ar.d 
that is the need for a high degree of elect. olyte ahsorpt ; ur. In the 
past, materials such as cellophane, and nylon in the form oi film, woven 
and non-wo ,# en fabric have been used, both alone and .n combi nat ions , as 
Ki -Cd battery separators. Both of these materials have very high 
absorption capacities for r.my aqueous solutions due to the respective 
presence of hydroxyl ar.d a- ide groups in the polymers. However, both 
materials are subject to degradation by hydrolysis when exposed to stror..*. 
alkaline solutions. The direct result of such degradation is tho develop- 
ment of electrical sho ts between plrtta with an eventual failure of the 
battery. 

In this study, aast of the separator materials wer; maJc using 
polypropylene filers, which are very resistant to alkali hydrolys 
However, since tiic polypropylene fibers are basically hydrophobic, they 
do not wet-oat when expo cd to aqueous solutions. Consequently, efforts 
have been made to treat these fibers with various types of wetting agents. 

When considerations far retest of cycled materials are eanccrned, 
it is obviously necessary that any wetting agent be resistant ta removal 
by hot, aqueou extraction techniques. Consequently, on the basis of 
work done to date, it appears that the overall criteria fov polypropylene 
materials can only be ret if successful techniques can be developed for 
the chcrical grafting of hydrophilic, alkali-resistant, materials onto 
tnc polypropylene •‘ibers. On the basis of studies performed f-n these 
types of materials, as well as previous studies comparing new and cycled 
materials it appears that a high degree of electrolyte absorption may be 
secondary to resistance to aqueous extraction and to chemical cl mges 
during actual use, provided that other properties such as low specific 
resistivity, low resistance to air permeation, and rapid wettability car 
be achieved ar.d maintained under actual service conditions 

Previous work on cycled materials had shown that the specific 
resist. .’’ty and the air permeability were the properties that wore most 
indicative of changes in the separator materials. Therefore, when there 
is little change ir. these characteristics over a period of simulated 
use, it appears possible tr predict the potential lifetime of a battery 
by monitoring these two properties. 

Observations 

Tic rationale for use of non-woven, fibrous battery separator 
materials is baseu in part on increased ion mobility a* compared to that 
obtainable with solid film separators, ‘.'on-woven material is particularly 
suited to Ni-Cd systems since dendrite formation between battery plates 
is not a problem. 

Nylon has been used for a number af years as a separator material. 
However, as mentioned above it is susceptible to hydrolysis. In these 
tests, the nylon materials have been u«ej primarily as standards , against 
which so .' of the .ore alkali-resistant materials have been ce-pircu. 
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Polypropylene is highly resistant to alkaline hydrolysis and !**»« 
excellent electrical properties. However, it is non-p.«lar and when 
immersed, absorbs water to the exten of <0.05 perernt. Consequently, jt 
exhibits .ery low wettability end electrolyte retention characters' ics 
in aqueous systems unless the fiber surfaces are treated, for example by 
•oxidation, grafting, or coating with a wetting agent. 

As stated previously, these samples were received at various times, 
with samples AA through SS included ! n the first group. 

Sample \A was a nylon material, described as non-wcttable. In the 
"as-reccived" condition, this material exhibited characteristics similar 
to those of other non-wcttable materials. However, after aqueous 
extraction :t exhibited all of t lie desirable characteristics for a 
separator material, and was comparable in these properties to previously 
evaluated r.. Ion materials. 

a • 

Samples B3 through EE were described as non-wcttable polypropvlcncs , 
differing from each othe' only in the weight per unit area. The former 
three samples exhibited the usual properties of pon-vcttablc materials. 
Sample EE gave anomalous results in that it had all of the character ist ics 
of a useful separator material, and data were obtained on all properties 
except for wet-out time on the extracted material. With the latter 
exccpti''", aqueous extraction had little effect cn the properties as 
compared to the "as-rcccivcd" material. This s.-p’r. unli l e the other 
three of the set, appeared to consist of two thin, rather stiff, surface 
layers, between which was a very thick, loose, and non-woven mat as the 
center layer. Th percent absorption of electrolyte was very high or. 
the "as received" Dusis, and although there was a significant decrease 
in absorptivity after extraction, the percentage of absorption wis 
comparable to that noted for the nylon materials. This material, when 
saturated with K.0H -as too thick to fit into the specimen reccptical in 
the centrifuge head without it being sq*..e;ed by the wire mesh screens, 
wnich undoubtedly accounted for the unusually low percentage of electrolyte 
retention. It was alro noted that when the specimens were placed in the 
KOH solution for the absorption test, and particularly in the conducting 
of the wettability, wickrng and wet-out tests, that the electrolyte seemed 
to rapidly pc.nctrjtc the outer surfaces, saturating the inner la\cr 
prior to wetting of the surface layers. 

Sample IF was described only as a polypropylene material. Its 
propert ics, as determined in the various tests, indicated that it was a 
non-wcttablc material. 

There were four pairs of polypropylene materials in which each pair 
was identical except that one sample in each pair had been treated » ith 
a wetting agent. These pairs included sx-iplcs GC and Hi!, II anJ JJ , kk 
r ( .J LL. and SS and RR in which the latter sample within each pair haJ 
been treated. Similarly, samples .Ti and NN were identical, with the 
latter having been treated, but these materials had been produced from a 
blend of polyethylene anJ polypropylene fibers. Each of the v.cttabh 
samples in the five pairs exhibited good separator properties when 
tested in the "as- received" condition. However, after two So.xhlet ex: : c- 
tions with w.it.T, they generally exhibited the sa e characteristics e: 
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comparable non -wet tabic sample. The only exception noted was that 
sample HH still retained enough wcttabl'* characterise i to allow the 
measurement of the specific resistivity. However, this vaiec was 
considered to be too high to be useful in evaluating changes in the 
materia] if it were used in an actual battery. 

Sample PP was identified as 3 wettable polypropylene material of 
Canadian origin. Although the amount oi electrolyte absorbed by this 
material was rather low by comparison with other wettable materials, its 
oxcrall properties were, excel lent with respect to use as a separator 
material. Aqinous extraction had no significant effect on its proper- 
ties, and methanol extraction did not appear to change the properties 
to any great extent. Chloroform extraction did result in a significant 
decrease in the absorption characteristics. 

Of the 'essoining samples, all were subjected to onl> one 24 -hour 
aqueous extraction, ar.J none were extracted with c-ganic solvents . 

Sample TT was produced from polypropylene to which had been grafted an 
acrylic-based compound in order to improve wettability. Aqueous 
extraction appea» • d to have no appreciable effect on rhe electrical and 
absorption characteristics, except in the cest for wc:-out time. Its 
properties both before and after extraction were similar to those of 
sample PP, including a relatively lo degree of KOH absorption. 

Sample UU rs identified ""1v as a polypropylene material. However 
results obtained during tie KOI ! ausorption tests indicated that the 
materia! was full • wcttr.bic and remained so even after aqueous extrac- 
tion. In general, it behaved in a manner very similar to that noted 
for samples PP and TT. 

Samples W, and XX were described as wettable polypropylencs . 
However, in the initial KOH absolution tests the "as -received" sanplc 
of h"*V did not wet completely as did the ot.ier two samples. All three 
closely resembled e‘hcr r.on-wettablc materials in their absorption and 
electrical charactv . i sties after aqueous extraction. 

Sample was the only inorganic material received. It was a 
ceramic material produced from non-woven fibers of aluminum oxide bonded 
by means o' a butad.cne-styrene elastomeric material. The sponsor 
requested that pr .or to cond- :ting the evaluation tests the binder be 
removed ov firing the material in a muffle furnace for ’0 minutes at 
700°C, and that ir. this state it shoulJ be considered as being in the 
"as received" condition. The fired material was rather fragile and 
difficult to handle. Test specimens subjected to the initial KOH 
absorption test partially disintegrated in the electrolyte, negating any 
chance of obtaining valid data on most of the subsequent test procedures 
Consequently, no further tests were conducted on the material. 

Sample 22 was a composite consisting of a zirconium oxide-filled 
polyCphcnylcnc oxide) film laminated to a non-woven asbestos fiber 
substrate. 1 lectrolyte absoiption was very low and appeared to be 
confined essentially 1:0 the asbestos layer. The plastic film appeared 
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to be slightly porous on tae basis of a measurable electrical resistivity, 
although it was essentially impervious to the permeation of air. Data 
obtained on the wicking and wet-out teste appeared to be due principally 
to the presence of the asbestos layer 

Sample J2 was a nylon material reputedly identical to a material 
previously evaluated and reported on, identified as sample J. Sample J2 
had been taken from 3 different let of material. Th: s sample exhibited 
all of the characteristics expected of a nylon separator. However, 
sample J 2 was approximately 35 percent chicker than sample J although 
both exhibited about the same weight per unit area. Consequently, a 
direct comparison between the two materials with respect to the apparent 
density, amount of KOH absorbed in g/ern 0 , and t! n percent porosity, 
indicates that sample J2 was somewhat inferior to its counterpart. 

Howexer, all tnrec of these properties arc inversely proportional to 
the thickness so that comparisons made on this basis indicated that the 
materials were essentially identical. All other propertied of the two ■ 
samples were essentially comparable and any minor variations could 
easily be attributable to both variations in thickness and to fiber 
density. 

After the necessary specimens had been obtained from sample KK, the 
remaining material was retimed to the sponsor and subsequently submitted 
to a c. mnercial laboratory for the pu *pose of grafting a hydrophilic 
material onto the polypropylene. The sample waj saturated in a 5 percent 
aqueous solution of mcthacrylic acid and then irradia.cd for 4i hours 
with a Cohalt-60 source in an attempt to graft s p...ients of poly(ncth- 
acryiic acid) onto the fibers. The sample, when resubmitted to this 
laboratory, for further testing, was designated as sample kK2. !n the 
"as received" condition it exhibited excellent properties for use as a 
separator. However, after aqueous extraction it exhibited the same 
basic properties of the ungrafted, non-wettable sample kk. During the 
extraction, the water in the reservoir flask contained copious quantities 
of a white, flocculant precipitate. On completion of the extraction, the 
water was evaporated to dryness and in addition to the prccipitr*® a 
clear film was also noted on the walls of the flask. The clear film 
apparently consisted of low molecular weight poly (mcthacrylic acid) which 
is water-soluble, while the precipitate apparently consisted of a higher 
molecular weight fraction of the polymer which is water- insoluble . It 
seemed apparent that the radiation had resulted in the polvmeri ret ion of 
the • thacrylic acid, but did not provide an adequate number of free 
radical sites on the polypropylene fibers for sufficient grafting to 
occur to render the material permanently wcttable. Some of the uncxtractcd 
material was placed in a ailutc aqueous solution of KOH. The pH was 
monitored and found to d. crease rapidly, indicating that the alkali w is 
reacting with the free carboxylic acid groups in the polymer. This experi- 
ment indicated that if the material were used in a battery, it would 
effectively cilulc- the concentration of the electrolyte. Dilution night 
have some effect on the 'lectrical characteristics of the electrolyte 
with respect to the functional capabilities of the battery. Assuming that 
suitable techniques of grafting poly(cctiiacrylic acid) and t he related 
polvfacrylic acid) is later achieved, the above results indicate that the 
grafted Material should be w a>hcd in a dilute solution of KOII prior to its 
use in a bitter... 



Table I. Identification of Battery Operator Materials 



3073 - 22, non-wcttablc 

hi X - 1242, grafted with acrylic, Permion 

T-21124, Tcllon 

73020 (ff 123) , wet table 
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Tabic II. degree of Electrolyte Saturation of 
Battery Separator Materials 


As Received Extracted 


MBS Sar.pl c 
Code 

hours in 
kOli 

Saturated 
Area , *. 

Hours in 
KOil 

Saturated 
Area , * 

AA 

91 

SO 

24 

100 

BB 

91 

60 

24 

20 

CC 

91 

SO 

24 

10 

DU 

91 

25 

24 

0 a / 

EE 

24 

100 

24 

* ’ 95 

FF 

94 

• 7S 

24 

20 

GG 

94 

60 

24 

20 

Nil 

24 

100 

24 

40 

11 

67 

50 

24 

10 

JJ 

24 

100 

24 

25 

JJ 

- 

- 

162 

80 

kk 

67 

40 

24 

10 

LL 

24 

100 

24 

25 

U. 

- 

- 

162 

55 

MM 

67 

45 

24 

50 

KN 

“4 

100 

24 

88 

NN 

- 

- 

162 

100 

PP 

24 

100 

24 

100 

HR 

24 

100 

24 

60 

SS 

24 

10 

24 

15 

SS 

- 

- 

162 

70 

TT 

24 

100 

24 

100 

U'J 

24 

»00 

24 

100 

W 

24 

100 

24 

:s 

KN 

24 

50 

24 

25 


As Received 


Extracted 


KBS Sample 
Code 

hours in 
KOh 

Saturated 
Area , • 

hours 

kOh 

XX 

24 

100 

24 

zz 

24 

- 

24 

J2 

24 

100 

24 

KK2 

24 

100 

m 

24 

a/ Some solution 

held rn 

surface', sample still 

opaque 


Saturated 
Area , » 

20 

100 

S 



Table III. Thickness, Apparent Density. Absorption, Retention and Porosity 
of Battery Separator Materials as Received 
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Table III. Continued 
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Tabic IV. Thickness, Apparent Density, Absorption, 

Retention rrn! Porosity of Battery Separator 
Materials After Extracting for 24 hours in 
Water 
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TaMe IV. Continued 
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d/ Samples extracted for two separate 24 hour periods. 

c/ Sample so iVcd in K0:i for 162 hours. 
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c/ (irn* of HMI absorbed per cm of separator material. 
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Table VI. specific Resistivity anu Wettability 
of Battery Separator Materials 


NBS Sar.pl c 

Specific Resistivity, ohm-cn a/ 

Wettability, 

minutes b/ 

Code 

As Received 

Extracted 

As Received 

Extracted 

AA 

£/ 

2.10 

sJ 

3.6 

BB 

£/ 

£/ 

*£/ 

£/ 

CC 

£/ 

£/ 

« y 

£/ 

DD 

c/ 

£/ 

£/ 

£/ 

EE 

1.68 d/ 

1.70 d/ 

1.3 

52.8 

FF 

£/ 

£/ 

. 


GG 

£/ 

Cj 

£/ 

£/ 

HH 

1.81 

12.48 

0.6 

200 ♦ c/ 

11 

£/ 

£/ 

£/ 

£/ 

JJ 

1.92 

£/ . 

0.6 

£/ 

KK 

£/ 

£/ 

£/ 

£/ 

LL 

2. OS 

£/ 

0.8 

£/ 

Ml 

£/ 

£/ 

£/ 

£/ 

NN 

2.06 

2.09 

0.4 

200 ♦ £/ 

PP 

3.50 

3.21 

2.8 

24.8 

RR 

2.11 

£/ 

0.9 

£/ 

SS 

£/ 

£/ 

£/ 

£/ 

TT 

3.54 

3.33 

3.4 

37.0 

UU 

6.21 

6.15 

0.3 

17.2 

W 

1.96 

£/ 

10.9 

£/ 

m 

27. ?7 f/ 

£/ 

193.8 

£, 

XX 

2.28 

£/ 

3.9 

£/ 

zz 

9.52 

9.56 

62.8 

56.4 

J2 

1.49 £/ 

1.49 

3.0 

13.0 

KX2 

1.86 

£/ 

2.7 

£/ 


a/ Average of 10 specimens 

b/ Average of 5 speci uens 

cj Sacple would not wet. tl.r tr«» 
could not be performed 



Tabic VI. Continued 


2b - 


d / Sample is squeezed when placed in the cell for 

test and does not recover before thicl ness measure- 
ment is r.»Jc. This difference in thickness would 
make the -esistivity answer lower than the one 
reported . 

e/ lest discontinued after 200 minutes. 
fj Specimens not completely wet. 

£/ Average of 20 specimens. * 
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Table VII. Kicking of Battery Separator 
Materials a/ 


KBS Sample As Received Extracted 

Code Time to reach Tice to reach 

6.0 cn cm/24 hrs. 6.0 cm cm/ 2 4 hrs 


AA 

min 

sec 

b/ 

mii. 

sec 

£/ 

BB 


m 

b/ 



b/ 

CC 

— 

" 9 

b/ 


_ 

b/ 

DD 


— 

b/ 



b/ 

EE 

• 

• 

3.0 

- 

• • 

1.9 

FF 

_ 


b/ 


m 

b/ 

CC 



b/ 

_ 

m 

b/ 

HH 

6 

44 

- 

- 

0 

II 



b/ 



b/ 

JJ 

4 

32 


- 

- 

0 

KK 

- 

- 

b/ 

- 

- 

b/ 

LL 

4 

. 8 

- 

- 

- 

0 

KM 

• 

• 

b/ 

- 

- 

V 

Ni 

4 

15 

- 

•* 

- 

0 

PP 

72 

0 

- 

- 

- 

3.6 

RR 

B 

5 

- 

- 

- 

0 

SS 



b/ 


m 

b/ 

TT 

16 

22 


- 

- 

3.2 

UU 

2 

39 

- 

- 

- 

5.1 

W 

9 

7 

- 

- 

- 

0 

KK 

- 

- 

1.0 

- 

- 

0 

XX 

3 

19 

- 

- 

- 

0 

zz 

- 

- 

sJ 

- 

- 

£_/ 

J2 

41 1 

30 

- 

- 

- 

£/ 

KK2 

50 

3 

m 

- 

- 

0.4 


a / Average of S specimens 

h/ Sample v.ould not wet , test could not be performed. 

c/ Tn-c for test was greater than 7 hours but less 
than 24 hours. 


«l x.i 
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Tabic VIII. '.Vet-Out Tine of Battery 
Separator Materials a/ 


KBS Sair.pl e 


As Received 


Extracted 


Code 


Tine 

Circle Ranee 

Time 


Circle 

Ranee 


nun 

sec 


nun 

see 



AA 


b/ 


3 

26 

2 1/2 

- 3 

BB 


b/ 



b/ 



CC 


b/ 



b/ 



DO 


b/ 



fe/ 



EE 

- 

1.6 

2 £/ 


b/ 



FF 


b/ 



b/ ’ 

• 

• 

GG 


b/ 

• 


b/ 



IUI 

- 

19.4 

3-4 


b/ 

• 


II 


b/ 



b/ 



JJ 

* 

44.2 

• 

S 


b/ 



KK 


b/ 



b/ 



LL 

- 

27.4 

4 - 5 


b/ 



IN 


b/ 



t^/ 



KN 

• 

22.4 

4-5 


b/ 



PP 

10 

11 

31/2-4 


b/ 



RR 

- 

3.0 

3-4 


b/ 



SS 

- 

b/ 



b/ 



TT 

• 

8.4 

3-4 


b/ 



UU 

- 

S.6 

3 1/2-4 


b/ 



W 

- 

9.2 

3-3 1/2 


b/ 



KN 

2 

33 

2-41/2 


b/ 



XX 

- 

11.2 

4 1/2-5 


b/ 



zz 

6 

46 d/ 

4-5 

1 

49 d/ 

2 1/2 

- 4 

J2 

9 

9 

2-3 

8 

22 

2-2 

1/2 

KK2 

- 

3.3 

2-21/2 


b/ 




f Average of S spec irons. 

t k0!i in contact for one hour and spccir.cn showed na absorption 

or sort. iJinj . 

c/ KOi! penetrates through the surface layer ei t h very little spreading but 
spreads in fibers uiJer surface to a range of 4 to 4 1/2 in an average of 
23 seconds. 
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Table VIII. Continued 


d/ The result? given are with the kOH in contact with the asbestos 

side of the sample. One specimen was tested with the kOII in contact 
with the coated side and the results were: as received 32 sun 20 sec 

range 3; extracted 40 min range 3. 
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Tabic IX. Air Permeability of Battery 
Separator Materials a/ 


> Sample 
Code 

Ko. of 
Specimens 

Seconds t ^ Pass 

500 nl of Air 

As Received 

Extracted 



Avg. 

AVg. 

AA 

6 

13.8 

11.0 

EC 

6 

2.1 

1.9 

101 

6 

10.9 

6.S 

JJ 

6 

15.6 

11.4 

LL 

'6 

2S.6 

21.0 

201 

6 

12.8 

7/7 • 

PP 

10 

5.0 

4.1 

RR 

6 

13.6 

8.1 

SS 

6 

8.7 

8.6 

TT 

6 

1.9 

1.4 

UU 

6 

4.1 

4.0 

W 

b 

3.4 

1.1 

KK 

6 

3.0 

3.4 

XX 

6 

2.6 

2.4 

zz 

- 

_b/ 

- 

J2 

20 

2.4 

2.4 

KK2 

10 

19.0 

16.6 


£/ Son*' samples were not subjected to this test at the 
request of the sponsor. 


b/ One spcci-.en tested, the result was 83 hours to pass 
approximately 175 al of air. 
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Figure 1 . Itac*. and Sj.eci:. on holders for vicking test. All 

cater Juls c: acrylic I'lastic sheet unless other-., c 
noted, rin- on 4 :id:vi«..:a] holder; are of!?, t to th 
ri'.iit to ticili! u- re « f scale. 
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